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Introduction: open transperitoneal aorto-bifemoral by-pass is still associated with a relatively high morbidity and
mortality. To decrease this surgical stress, minimally invasive direct aortic surgery (MIDAS) was developed, utilizing a
minilaparotomy and a retroperitoneal approach to the aorta.
Objectives: to compare in a randomised controlled trial whether mortality and morbidity could be reduced with MIDAS.
Methods: from October 1997 to September 2000, 300 patients were randomised to either MIDAS (n 150) or conven-
tional aorto-bifemoral by-pass surgery (n 150).
Results: the perioperative (30 days) mortality (2.6%), was equal in both groups. MIDAS were significantly reduced length
of hospital stay (3.1 days), and pulmonary dysfunction.
Conclusions: MIDAS reduced trauma and pain, which resulted in a shorter hospital stay, and a reduction in costs.
Key Words: Arterial occlusive disease surgery; Peripheral arterial occlusive diseases (PAOD); Minimally invasive surgical
procedures; Aortic surgery; Femoral arteries surgery; MIDAS.
Introduction
Aorto-bifemoral bypass remains the gold standard for
the treatment of aorta-bi-iliac obstructions. The con-
ventional transperitoneal approach is associated with
significant mortality and morbidity.1,2
Minimally invasive direct aortic surgery (MIDAS)
has been developed3±6 to reduce the surgical trauma
and thereby morbidity. The abdominal aorta is
explored through a short upper median skin incision
and a retroperitoneal approach. This technique allows
all the advantages of open surgery, such as hands-on-
manipulation, three-dimensional view of the operat-
ing field, a `` familiar'' anatomical approach, and the
use of conventional instruments, to be combined with
the advantages derived from minimised tissue trauma.
Experimental studies were performed with animal
model in order to acquaint us with modified instru-
ments, suturing and tunnelling methods.5±7 In
cadaver work we tried to standardise each operative
step of this new minimal and direct access vascular
surgery. These preclinical studies have given us the
necessary confidence needed to introduce the clinical
application. To establish the acceptability of this tech-
nique, a randomised, prospective trial was performed
that would compare the MIDAS versus conventional
transperitoneal laparotomy (CL) to the aorta for rou-
tine infrarenal aortic reconstruction.
Methods
The present research has compared MIDAS versus
conventional laparotomy (CL). Between October 1997
and September 2000, 365 patients who were admitted
for aorto-bifemoral bypass implantation were
recruited into study. Patients were excluded if they
had previous major abdominal or retroperitoneal sur-
gery (n 4), required concomitant visceral revascular-
ization (n 6) or if the patient refused to participate in
the trial (n 19). In case of obesity (BMI450) random-
isation did not take place and conventional approach
was used (n 10). The study has been approved by
our hospital Ethic Committees, and informed consent
was obtained from patients before the operation.
The remaining 326 patients (from a total of 365
patients), were randomised using computer generated
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program, half in the MIDAS group, and half in the CL
group: in the MIDAS group, 13 patients did not
receive allocated intervention because Midas oper-
ation was not performed and conversion to conven-
tional approach was necessary; in CL group 13
patients did not receive allocated intervention because
operation was given up for some problems, such as
colon cancer (n 3), diseases of small bowel (n 2),
appendicitis (n 4), retroperitoneal fibrosis (n 3),
gastric ulcer (n 1) (Table 1).
In this way 150 patients in the MIDAS group and
the same number in CL group (from a total of 365
patients) remained into study.
There were no significant differences between the
groups in terms of age, sex, comorbid conditions or
operative indications. (Table 2). The indications to
surgery were almost identical in the two groups.
The following parameters were examined: hourly
nasogastric drainage, intestinal peristalsis, start of
feeding, intensive care time, length of hospital stay,
surgery time, and blood loss.
In the first 50 patients of both groups, the respira-
tory functions (Pulmonary Vital Capacity ± PVC, and
Forced Expiratory Volume ± FEV) were also mea-
sured, pre- and post-op, at day 1 and 2 (and also at
day 5 for the CL group), using Vicatest P2 digital
spirometer (PPG Hellige, Dortmund, Germany). All
the measures were taken at the patient's bedside in
the sitting position, as well as the suggestions of the
American Thoracic Society.8,9 At each session,
machine printed the best of five attempts. The patients
were also examined clinically for signs of atelectasis
and pneumonia.
MIDAS: operative technique
The patient is placed in the supine position on the
operating table, and the operation is performed




• Not meeting inclusion criteria
(n=20)
• Refused to participate (n=19)
Allocated to MIDAS (n=163)
The operation was performed
(n=150)
Conversion to open (n=13)
Lost to follow up
(n=23)
Allocated to CL (n=163)
The operation was performed
(n=150)
Operation was given up (n=13)
Lost to follow up
(n=29)
Analysed (n=127) Analysed (n=121)
Randomised (n=326)







Mean age, years (range) 62 (38±75) 61 (36±79)
Sex (male/female) 114M/36F 112M/38F
Medical history (%)
Hypertension 43 (29%) 48 (32%)
Coronary artery disease 40 (27%) 47 (31%)
Diabetes mellitus 68 (45%) 70 (47%)
Cerebrovascular disease 12 (8%) 10 (7%)
Renal disease 1 (0.6%) 1 (0.6%)
Smoking 70 (47%) 68 (45%)
Hypercholesterolemia 60 (40%) 61 (41%)
Chronic obstr. Pulm. disease 12 (8%) 10 (7%)
Indication for surgery
Claudication 105 (70%) 106 (71%)
Rest pain ABI 0.40ÿ0.30 35 (23%) 34 (23%)
Gangrene/ulcer ABI50.30 10 (7%) 10 (7%)
MIDAS: Minimally Invasisive Direct Aortic Surgery. CL:
Conventional Laparotomy (transperitoneal). M/F: Male/Female.
ABIAnkle Brachial Index.
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under combined epidural and general anaesthesia
with complete hemodynamic monitoring. The urinary
bladder and stomach are decompressed.
After bilateral inguinocrural incisions, the femoral
triangles are prepared in the usual fashion. Access to
the abdominal aorta is through a short (5±5.5 cm)
median incision (4/5 above and 1/5 below the
navel). Incision along the linea alba and opening of
the anterior sheath of the left rectus muscle which is
moved laterally to permit the incision of its posterior
sheath. Incision along the Spigelius half-moon line
(i.e. the concave medial line that marks the separa-
tion between the flesh and tendon layers of the
small oblique and transverse muscles): this takes us
to the plane below the internal oblique and the
transverse muscles to reveal the extra-peritoneal fat
after a longitudinal incision of the fascia transversalis
(Fig. 1a, b).
The operating table is then moved into the Trende-
lenburg position (20±30 headdown) and rotated to
the right, toward the surgeon, in order to shift medi-
ally the abdominal contents with its peritoneal sack.
To prevent traction damage, the left ureter is detached
from the peritoneum and retracted laterally.
Then the peritoneal sack is detached very carefully,
first with the fingers, in this confined space, and then
with the whole hand until the ileopsoas muscle and
the vertebral body can be felt by fingertips: and at last
we have reached the aorta. At this point we insert the
special surgical retractor called the Jakoscope1
(Atlantis Surgical, Greenwich, Connecticut, U.S.A.).
This is equipped with a medial and a lateral blade
that move independently. It has two sources of cold
light that provide excellent illumination of the
restricted, deep operating field.
The next step is to create a retroperitoneal tunnel
for the right and left branches of the aorto-bifemoral
prosthesis. The index finger is inserted into the ingui-
nocrural incision as the start of a blunt dissection that
runs between the anterior wall of the common femoral
artery and the distal portion of the external iliac artery.
For tunnelling at the beginning of our experiences
we used a special video-endoscopic device, but, after
the first 100 cases, was made much simpler using a
modified endotracheal tube with its inflatable/defla-
table balloon as a tunneller.
The side-to-end aorta-prosthetic anastomosis
is the standard way clamping the aorta with an appro-
priately sized Satinski clamp. Given the very limited
room a bayonet-type needle holder may be of use.
The graft is then tunnelled and the femoral anasto-
mosy completed in the usual way.
Finally three drainage tubes are inserted (one peri-
aortic and the other two into the left and right groin)
so that two emerge from the left and one from the
right groin.
Conventional transperitoneal laparotomy (CL):
operative technique
The peritoneal cavity is opened through a midline
incision. The abdominal aorta is exposed by retraction
of the small intestines to the right. An aortic clamp is
then applied to the abdominal aorta just below the
origin of the renal arteries. A suitable-sized Dacron
Fig. 1a. Shorter upper median and bilateral incision for minimal and
direct aortobifemoral reconstruction (MIDAS technique).
Fig. 1b. Access to the abdominal aorta via retroperitoneal route:
incision near the alba line, and opening of the anterior sheath of the
left rectus muscle which is moved laterally to permit the incision of
posterior sheath. Incision of the Spigelius line, and this takes us to
the plane below the internal oblique and the transverse muscles to
reveal the extra-peritoneal fat after a longitudinal incision of the
fascia transversalis. Then the peritoneal sack is detached very care-
fully, first with the fingers, in this confined space, and then with the
whole hand until the ileopsoas muscle and the vertebral body can be
felt by fingertips: and at last we have reached the aorta.
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bifurcation graft is anastomosed end-to-side (occa-
sionally end-to-end) to the aorta.
All other steps are similar to the above-described
MIDAS technique.
Postoperative follow-up
In the early postoperative period both group of
patients received 2 ml/h of marcaine 0.5% through
the epidural catheter using infusion pump, for 6±12 h.
Oral feeding started depending on their bowel move-
ment (Table 4). MIDAS patients are usually on their feet
on the first postoperative day, wound drainage are
removed after 24 h, eating is normal 2 days after sur-
gery, and patients are released from hospital on the 3rd
or 4th postoperative day, well on the way to recovery.
The mean follow-up period was 36 months (2±47
months): the patients were investigated regularly on
half-year basis and in every case a complete physical
and Echo-Doppler examination with pressure meas-
urement was performed.
Statistics
Method of statistical power calculations: in practice
the type II error rate is often set at a maximum value
of b 0.2 or 20%. This is alternatively expressed as
setting the power of the test as 1ÿ b 0.8 or 80%.
Based on expected morbidity and mortality rate the
anticipated benefit of MIDAS is 10%. Setting a 0.05
and 1ÿ b 0.8 then the used statistical table suggests
approximately m 150 patients per group. Thus a
total of 300 patients are required for the confirmatory
study. Data was collected prospectively for both
groups and they were evaluated by two-tailed
Students t-test.
Results
There was no intraoperative mortality; at 30 post-op
days the mortality for the MIDAS group was 2.7%
equal to 4 patients (myocardial infarction in 3 patients,
and one massive stroke); in the CL group was similar
in percentage, 2.7% (4 patients) and the causes
included myocardial infarction in 2 patients, and pul-
monary thromboembolia in 2 patients. Early compli-
cations are shown also in Table 3.
In patients using MIDAS approach (Table 4), naso-
gastric draining volume was greatly reduced
(8 3 ml/h vs 64 14 ml/h, a statistically significant
difference of p5 0.01); bowel movement starting fast-
er and patient can eat sooner, and the difference was
with p5 0.05 (MIDAS patients could ingest fluids on
the first postoperative day, take a light meal on day 2
and eat normally from day 3.
Respiratory function as Pulmonary Vital Capacity
(PVC) measured at the 2nd post-op day for both







Mortality 4 (2.7%) 4 (2.7%)
Myocardial infarction 3 2
Stroke 1 0
Pulmonary embolus 0 2
Morbidity 21 (14%) 23 (15%)
Myocardial infarction 4 3
Ventricular arrhytmias 3 4
Pulmonary embolia 1 2
Multisystem organ failure 0 2
Pneumonia 1 6
Pancreatitis 0 1
Small bowel obstruction SBO 0 1
Renal insufficiency 4 4
Graft branch early thrombosis 8 0




















Fig. 2a. Pulmonary Vital Capacity (PVC) measured at the 2nd post-
op day for both group results better in MIDAS patients than in CL
patients.









Nasogastric drain 8 3 ml/h 64 14 ml/h 50.01
Bowel movement 20 4 h 65 10 h 50.05
Food intake 26 3 h 80 13 50.05
Post-op I.C.U. 0 h 26 20 h 50.01
Hospitalization 3.1 days 9.3 days 50.01
Mean op. time 157 18 min 136 10 min 50.05
Blood loss 540 ml (250±1450) 480 ml (300±890) N.S.
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group results better in MIDAS patients than in
CL patients (Fig. 2a). Respiratory functions were
monitored in the first 50 patients of both series by
daily spirometry for 3 days among the MIDAS and
for 5 days among the CL patients, and both sets of
figures were compared with the preoperative finding.
Pulmonary vital capacity decreased in both groups
as did forced expiratory volume, tending to return
to normal on the 3rd postoperative day among the
MIDAS, and the 5th among the CL patients (Fig. 2b).
In more details, 24 h after surgery, pulmonary vital
capacity had felt down to an average 45% of the pre-
operative level in the CL, and 57% in the MIDAS
group; and by the 2nd postoperative day had risen
to an average 59% among the CL, and 80% among
the MIDAS patients. Meanwhile, forced expiratory
volume had decreased to an average 48% of its pre-
operative level in the CL, and the 60% in the
MIDAS group, while on the 2nd postoperative day
it had risen to an average 62% of its preoperative
value in the CL, and 82% in the MIDAS group.
Both these respiratory parameters revealed a statis-
tically significant difference between the CL and
MIDAS group. These differences combined with the
reduction in the ability to cough and spit may
explain the development of microatelectasis and lung
infections.
Pulmonary vital capacity (PVC) and forced expira-
tory volume (FEV) return to normal on the 3rd post-
operative day among the MIDAS, and on the 5th
among the CL patients (Fig. 2b).
Time spent in Intensive Care Unit (ICU) was up to
26 20 h in CL patients, whereas MIDAS patients
were never recovered in ICU. The MIDAS patients
also spent much shorter time in hospital: 3.1 days, on
average, compared to the CL group's 9.3 days. Oper-
ating time was about 20±30 min longer in the MIDAS
group, and that difference tented to diminish as we
gained experience. Blood loss figures were more or
less the same in the two groups.
Follow-up
Patients lost to follow-up were in the MIDAS group:
5 (1 year), 8 (2 years) and 10 (3 years), for a total of
5 8 10 23 patients; in the CL group: 7 (1 year), 10
(2 years) and 12 (3 years), for a total of 29 patients
(see Table 1 Flowchart)
In the MIDAS group immediate bypass patency was
obtained in 99%, where 8 patients of this group
(5.33%) developed an early thrombosis of one branch
of the graft that was cleared with the aid of a Fogarty
catheter. Gross patency at 1 year was 96% (144/150
patients), and net patency was 99% (144/145; 145 is
the amount of patients less patients lost to follow-up);
at 2 years gross patency was 88% (132/150 patients),
and net patency 96% (132/137); at 3 years gross
patency was 74% (111/150 patients), and net patency
87% (111/127).
In the CL group the immediate patency was 100%,
and the gross patency at 1 year was 94% (142/150
patients); at 2 years 87% (131/150 patients), and at
3 years 73% (110/150 patients); the net patency at
1 year was 99% (142/143), at 2 years 98% (131/133),
and at 3 years 91% (110/121 patients).
Discussion
The advantages of the MIDAS technique are as fol-
lows. The small size of incision, the limitation of the
exposure, the retroperitoneal approach, all contribute
to minimise pain. In case of CL the evisceration of the
small bowel in preparation for aortic reconstruction
has a pronounced hemodynamic effect. During the
MIDAS there is no exteriorisation with its beneficial
effect. Because of small retroperitoneal approach and
no manipulation of the bowel there is an earlier return
of bowel function.
The intervention can be performed entirely with
conventional material (surgical instruments and
prosthesis).
Our experiences show that this method decrease
surgical stress without endangering the safety of the
patient during any point of operation: in case of unex-
pected intra-operative difficulties or complications,
the small incision can be promptly converted to the
conventional one.
Moreover, in high-risk patients with heart and/or


































Fig. 2b. The full resumption of pulmonary functions is on the 3th
post-op day for MIDAS, and on the 5th post-op day for CL.
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proven to offer a lower incidence of postoperative
complications than transperitoneal access. The advan-
tages are attributed to reduced loss of fluids in the
third space (intra-operative evaporation and paralytic
ileus) as well as a significant improvement in pulmon-
ary functions and a less painful incision.
Hudson et al.12 have shown that intra-operative car-
diac function was better in patients given retroperito-
neal aortic surgery than among those treated by the
traditional transperitoneal access.
In our series pulmonary functions after MIDAS
approach decreased to about 57±60% of preoperative
value that was significantly better than pulmonary
function after conventional approach. These changes,
along with a reduced ability to cough, can lead to the
development of microatelectasis and pulmonary
infections, however, our sample size was too small to
determine the clinical impact of reduced postopera-
tive pulmonary functions in terms of chest infection.
Another advantage of the MIDAS is the fact that is
possible to save money. Maloney13 and Turnipseed14
have calculated for the minilaparotomy as well as for
the standard open repair the Total Average Standard
Cost (TASC) per patient. This TASC is the product of
Direct Cost (consumable resources), Indirect Cost
(plant and engineering cost) and Flexible Cost (non-
physician medical personnel). Net Average Hospital
Revenue is the product of Total Average Hospital
Reimbursement less Total Average Standard Cost per
patient. The TASC per patient was lower for the mini-
laparotomy procedure than for standard open repair.
ICU utilisation and hospital length of stay, primary
predictors of total cost, were significantly lower for
minilaparotomy procedure than for the standard open
repair group. Hospital services recognised a positive
net margin for aortic surgery, but net profit for the
minilaparotomy procedure is nearly doubled on a
per patient basis when compared with standard
open repair. Reduced resource utilisation and reduced
hospital length of stay can explain increased profit-
ability.
Recent animal and human studies15±20 have demon-
strated the feasibility of laparoscopic approach in
aorto-bifemoral reconstruction. We agree with the
authors that their technique could be feasible in ani-
mal models, but to perform in humans at this level of
laparoscopic technique may be hazardous and
because of technical limitations it may jeopardize
patient safety. There is no doubt that with a principal-
ly new instrumentation (especially vascular suturing
devices) and technical refinement, laparoscopic
method will be an exiting approach to the intrabdom-
inal vascular reconstruction, but we need further
experimental work to be able to perform it in humans
without adversely affecting patient outcome. To have
a secure control of possible life-threatening haemor-
rhage and to be able to make an haemostatic anasto-
mosis are the main problems should be solved. It
appears that current technology, the laparoscopic
approach is not completely suitable for routine safe
exploration of aortoiliac segment. However, with
continued technical development this may be change.
The time necessary for this development can be
bridged by our method, so that benefits from this
technique may be reaped by a large number of
patients in immediate future. We expect that the
laparoscopic technology available today combined
with our operative approach will be synergetic in
that they will facilitate one another. This technique
is easier and simpler than the laparoscopic approach.
A potentially negative aspect associated with these
minimal invasive approaches are related to the possi-
bility of wasting the benefits of accurately per-
formed aortic anastomosis under the ideal conditions
of conventional approach due to technical misadven-
ture. In a restricted operating field to perform a
correct aortic anastomosis, special skill is needed and
take a good deal of time to place suture properly, a
laparoscopic hand sewn anastomosis is even more
demanding.
Conclusion
The reduction in postoperative pain, the lower inci-
dence of paralytic ileus and its associated pulmonary
complications are in themselves substantial to justify
the introduction of MIDAS into the therapeutic
armoury of any modern vascular surgeon. However,
it should be stressed that it is not an easy approach
and in order to minimize the surgical risk it is impera-
tive the need of a skilled surgeon with a large experi-
ence of traditional vascular procedures to reach good
results.
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